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The Files

30 September 1957 ,

reip Reporc - [

DC motor.

l.l.

A trip was made to
on September 185 - 24 to determine the status of the TP-3, 12 volt

(1)

(2)

(3)

()

The mein cblectives were:

Obgerve measurements on motor #6527 made at [IINIEGIGIII
and correlate them with the measursments made at the
Laboratory.

Datermine the feasibility of magnetizing the motor
field magnets from the inside in order to reduce the
motor leakage flux which sets up a high residusl
megnetism in the TP-3 magnetic circuit.

Datermine the relative importance of such fectors as
field flux density versus srmature turns and efficiency;
armature and governor brush drop versus motor efficlency,
ard humidity versus oxide build up on brushes and gov-
ernor contact. Determine the optimum armature and fleld
for lesst change in speed over the torgue voliage range
for an ungoverned motor. Consider the governor in re-
lation to the motor. Determine the difference in speed
variations with seversl megrnets, armatures, and governors
+o determine the statisticel spreed in motor specd versuse
torgue and voltage range.

Make recommendation as to relaxation or tightening of the
specifications or determine the feasibility of using tran-
sistor voltage vegulator circuits with and without the

lee governor or. abandoning the DC motor. Make recommenda-
tion as to the employment of a synchronous, a slip induc-
tion, or other type motor cepable of being driven from e
stable transistorized pover oscillator. Discuss changes
in the specifieations and the production status.

Correlation of Measurementis: Measurements of speed versus

torque and voltage were made on our original sample motor
#6827. Our method of speed messurement using a light chopper
and photocell is four times as accurate ss their speed measure-
ments counting at 2 basic rate of 2100 or 35 cps 1 part.
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Torque versus current and voltage correlated very well
while speed variations ranged up to .5% higher on the low
torque, bigh voltage side. [ dces not have a tem-
perature chepber that be adequately controlled. One
is aveilable at& but no temperature runs have
been made in the past on any of the motors presented under
the sgpecifications.

2.1. Hognetie Measurements: Afier some days' delay a fixture
was completed which enacbled the magnetization of the one
piece cast (2 poles) Alnico V field magnet from the inside.
The leakage flux density was measured at the periphery of
the front frame and then compared st the same location to
an externally magnetized unit. The internally magnetized
magnet leskage fisld wee found to be reduced by a factor
of three iimes over externally magnetized magnet.

2.2. The average internsl flux density of the externally magre-
tized magnet was found to be higher than the internslly
magnetived unit with large pesk fluxes being found off the
pole centers. The motore using this megnet exhibited a2
bigher speed than the internslly magnetized units which
exhibited a lower but more evenly dlstributed fleld. In-
ternally magnetized field megnets with the seme armatures
show less {governor removed) spesed varistion over the
torque-voltage range. The field of motor #6527 employing
an externslly magnetlized msgnet was apparsctly incrementally
demagnetized to & lower point on the B-H curve by degsussing.
Ite zpeed was in beiween that of the fully internal end ex-
ternally magnetized magnets. Produection units #6829 and
#6839 employing externally msgnetized magnets exhibited the
greatast smount of armature detent action snd iz directly
attributed to peak off center flux concentrationa. The
original ssmple #6827, because of degeussing was noticeably
Iese in armmture detent action and in no losd current. A
geries of measurements made on September 10th astablished
an important criteria. The internslly magnetized units
{governor removed) exhibited lese speed variation over
torgue range with the game armature. This speed change
averaged 450 rpm with a change of 80 ma while the exter-
nally magnetized unit exhibited = change of 583 rpm and s
current change of 110 na.

2.3. W¥orking at a lower flux density (and less magnetic drag due
+o armature detent action) yields improved speed regulation.
The no losd current is influenced strongly by the magnetic
drag of the detent asction. The least change in speed, change
in current and minimum no load current over the torque range
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ceeurred on & sample of 5 internally magnetized magnets.
The sbove changes were found to be substantially wniform.

2.4. The magnetic materisl is purchssed from [IIIIIENEGEGEGE 25X1A5a1
e, - int '
Bi212-175. The residusl Iinduction and cosrcive force
specified for this magnet wms checked against Arnold
Engineering data for Alnico V and found to be almost
identical. The magnets sre shipped demsgnetized. Two-
plece magnets could have been used in these motors with-
out problems in mspueiization but the single cast plece
megnet is less expensive. The higher flux density which
may be obitsined is not needed.

The relationships between armeture turns, field flux den-
sity, field stabllity and locked rotor conditions will be
discussed subseguently.

3.1. Motor Govermor Brush Measurements: To determine the rels-
tive voltage drops across the armature and governor brushes,
the motor magnets were removed and the motor driven st 2100
rpm by another motor. In the driven motor a current of 125
ma was caused to flow through the armature and governor in
series. The relative voltsge drops were recorded and the
registance calculated for two types of brushes. The first
set of brushes ss supplied on unit #6827 are of carbon and
of rather soft consistency. The resistance of the armature
brushes and governor brushes combined was recorded as three
times the armature resistence itself. The resistance of
high copper content brushes as supplied on the profduction
prototype 1s approximately equal to the armature resistiance.
The governor brush drops are twice the motor brush drops.
The efficiency of the motor with high resistance brushes ls
20%. The srmature efficiency without the governor is 46%.
Using high copper content brushes tbe efficlency is increased
to 36.5%. The resistance of the carbon governor brushes in-
creases by a factor of 1.4k between a dirty governor commu-
tator anrd & clean compmtator while the higher copper content
brushes between the dirty and clean commmtator condition,
changed by & factor of 1.5, showing an equel rate of in-
greasing resistance. The absolute relative resistances of
the carbon to the carbon-copper brushes is 3:1. The carbon
brushes sccount for a loss in motor efficilency of 26% under
nominal operating conditions.

3.2. Oxide Built Up On Gowerpor Contect: In seversl instances,
under high humidity conditions, e&s vwben motors are returned
from cold temperature, speed variations were noticed on unit
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#6827 and on those units which were supplied without a
governor resistor, the motor would not start. This con-
dition exists due to oxide build up on the governor con-
tacts and commtetors. This problem was discussed with
B =ozincers and there appears to be no specific
answer {(the housings are now completed) except to seal
the rear end cover end permit the motor to breathe only
through the front bearing. This sealing 1is done with a
latex compound and epplied to the area adjoining the rear
cover end the motor frame. It is only a stop-gap solution
gL most.

3.3. Optioum Armature: High copper content brushes replaced the
soft carbon brushes on the production prototypes. This in-
creased the effective armature voltage and speed. Since the
speed increases with demagnetizing of the field, the gover-
nor (same Lee type as used on engiceering samples} was re-
quired to decrease an initial speed above its optimum upper
operating renge. The effect of trying to govern under these
copditions leads to weighting the governor leaf and removal
of the governor resistor which is not in the recommended
procedure as published by lee.

The armature turns must be increased. A sample armature
wound for another motor of this series and containing twice
as meny armature turnsg as the previous armature was mounted

and its speed recorded as too low. The fileld was demagnetized

incrementslly and the speed change over torque voltage renge
was recorded. The speed change between high torque-low
voltage and low torgue-high voltage remained constant while
the abasolute speed was increased 1ﬁ‘ At & dempgretization
voltege of S0 volts as spplied to Flzture TA-1L%O
the field was considered optimum. The governor was placed
on the unit end the speed wae within + 1% over a torgue
range of .1 to .25 oz./in. and a voltage range of 10.8 to
13.2 volis. The fleld demsgnetization was, however, only
five demagnetization volts from the point at whiech larger
change in speed over the torque and voltage range would
ogceur. 4 compromise armature bulli to approximstely 100
turns with #36 wire is being wound. The stability of the
operating point will be checked by plotting the change irn
speed as a function of demsgnetization and checking for an
increase in speed after imposing repeated locked rotor con-
ditions.
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3.4. The addition of the governor assembly to an externally ?
driven motor causes an increase in loading of 30 mm at !
2100 rpm. This is equivalent to .24 oz./in. which is
100% of nomlnal loed torque of the TP-3 mechanisms. It
is apparent thet the load the governor puts on the motor
is equal to the load that is reguired tc cperate the TP-3
mechanism. Moreover, the hash, unstable operation of the
governor contact and brushes makes it highly desirable
that the governor be improved or removed and speed regu-
lation accomplished by elther valiage or freqguency conirol.

4.1. Speed Regulation by Voltage Control: With the new armeture
and the governor removed the operating voltage for nominal 25X1A531
losd and speed vill be between 7 and S volts. [N i=
1o run 2 sample of five units to determine how close they
can hold the motor speed at a specific voltage and load
and withoat the governor. Thie condition will zlso be s0
chosen ag to present to the governor, if used, the beat
cperating condition possible apd prevent a wide variance
in motors before the governor is spplied. Statistical in-
Formation will be compiled from this data. Voltage regula-
tion circuits bave been designed in the Laboratory which
can regulate the input voliage over the renge of 10.3 to
13.2. Additicnal circuiltry is now belng tested which will
gense the change in load and increase the regulated voltage
o maintain the speed with varistion in load, A potentiom-
eter will be availeble to adjust the motor while running
and the transistor gircultry will be housed ingide the
motor rear cover In the space vacated by the governor and
the governor brushes.

4.2. Speed Regulation by Frequency Control: Our work with the
unijunction transistor in low frequency audioc cscillator
circults has demonstrated that an sccuracy of ; 1% can be
ohteined., High efficiency class B push-pull stages capable
of supplying the required power for this wmotor is essily ob-
tained. The efficiency of the synehronous motor is inherently
poor and it 48 felt that a slip induction motor with s small
amount of freguency control is moet likely to succeed.

25X1A5a1
4.3. Production Status: [lros 211 the motor parts processed
except for winding of the armstures. Once the decision is
made a8 to wiwther the new motor with the governor 1s scoept-
able or voliage regulation circuliry ir entirely feasible and
reliable, ten units can be completed in two weeks. Decisions
on these matiers ara expected by October Tth.

Approved For Release 2001/07/28 S5t PR 2620A000300020013-2




[a) :
Approved For Release 2001/07/28 :M820A000300020013-2

%

b.h., Specificetion: Memsurements at the Lehoratory to -10° ¢
indicate that the meximm lozd expected on the motor will
be .25 oz./in. It is recommended, therefore, that the
specificetion in this respect be so relaxed. The manufac-
turer requests some relaxation in the mechanieal gpecifica-
tion but final agreement has not been resched.

25X1A9a

Lab/AJS/rkb (1 October 1957)

Distribution:
Original - Addressee
1 - R&D Leb
1 - Monthly Report:—
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